The biosynthesis of cytokinins was examined in pea (Pisum sativum L.) plant organs and carrot (Daucus carota L.) root tissues. When pea roots, stems, and leaves were grown separately for three weeks on a culture medium containing 18-"4Cadenine without an exogenous supply of cytokinin and auxin, radioactive cytokinins were synthesized by each of these organs. Incubation of carrot root cambium and noncambium tissues for three days in a liquid culture medium containing 18-'Cladenine without cytokinin demonstrates that radioactive cytokinins were synthesized in the cambium but not in the noncambium tissue preparatioa. The radioactive cytokinins extracted from each of these tissues were analyzed by Sephadex LH-20 columns, reverse phase high pressure liquid chromatography, paper chromatography in various solvent systems, and paper electrophoresis. The main species of cytokinins detectable by these methods are N'4-A2-isopentyl)adenine-5'-monophosphate, 644-hydroxy-3-methyl-2-butenyl-amino)-9-,-ribofuranosylpurine-5'-monophosphate, N'-Q52-isopeatenyl)adenosine, 6-(4-hydroxy-3-methyl-2-butenylamino)-9-ft-ribofuraosylpurine, N'-(A2-isopentenyl)adenine, and 6-(4-hydroxy-3-methyl-2-butenylamino)purine. On the basis of the amounts of cytokinin synthesized per gram fresh tissues, these results indicate that the root is the major site, but not the only site, of cytokinin biosynthesis. Furthermore, cambium and possibly all actively dividing tissues are responsible for the synthesis of this group of plant hormones.
There is evidence that cytokinins exist in the roots (15, 16) and that cytokinins from xylem exudate may come from the roots (9, 17) . This evidence has been reviewed by Torrey (18) . However, there is little experimental data supporting the widely accepted notion that cytokinin biosynthesis is limited to the root site. We have previously demonstrated that cultured rootless tobacco plants supplied with [8-14C] Ade2 are capable of synthesizing radioactive cytokinins (5) , but the question of whether stem and/or leaf, cambium and/or noncambium serve as sites for cytokinin biosynthesis remains to be answered. This paper reports the biosynthesis of radioactive cytokinins from [8-'4C] Ade in the pea roots, stems, and leaves as well as in the cambium of carrot roots. Noncambium carrot root tissues do not serve as a site for cytokinin biosynthesis. ' Supported by the National Science Foundation PCM-8204717 to C-MC.
2Abbreviations: Ade, adenine; Ado, adenosine; i6Ade, N6-(A2-isopentenyl)adenine; i6Ado, N6-(A2-isopentenyl)adenosine; io6Ade, 6-(4-hydroxy-3-methyl-2-butenylamino) purine; io6Ado, 6-(4-hydroxy-3-methyl-2-butenylamino)-9-,-ribofuranosylpurine. imbibed for 16 h with running tap water, and surface-sterilized for 10 min with 0.5% NaOCl. The seeds were thoroughly rinsed with sterile distilled H20, and three seeds were grown on 50 ml of a basic culture medium (8) Radioactive materials in the pea organs were extracted with 95% ethanol followed by 50% ethylacetate and 60% ethanol. The ethanol-ethylacetate soluble fractions were combined, reduced to less than 2 ml in a flash evaporator (40C), and the final volume was adjusted to 2 ml with 35% ethanol. Aliquots of the extracts were removed and radioactivity was determined using Bray's solution (2) .
Biosynthesized radioactive cytokinins were initially fractionated by a Sephadex LH-20 column which was equilibrated and eluted with 35% ethanol. Figure 1 shows a separation pattern of the radioactive materials extracted from leaves, stems, and roots. The results were compared with the relative mobilities ofauthentic samples. The seven pooled fractions (Fig. 1, pool I-VII) from Sephadex LH-20 column were further separated by HPLC. Peak fractions of HPLC were collected and radioactivity counted.
Identification of Cytokinins. Isolated radioactive cytokinins were partially characterized by Sephadex LH-20 columns, HPLC (Table III) , and paper chromatography in three solvent systems. Cytokinin nucleotides, i6AMP and io6AMP, were further analyzed by paper electrophoresis with authentic compounds as markers. Both of these nucleotides had relative mobility of + 1.5 to + 1.7, with relative mobility of inosine as -1.0. The suspected i6AMP and io6AMP collected from HPLC fractionations were also digested with 5'-nucleotidase of C. adamanteus venom in 0.05M Tris-HCl buffer (pH 7.5) at 37C for 30 min, and the reaction products were separated by paper electrophoresis. After the treatment, the presumed radioactive i6Ado sample migrated with unlabeled i6Ado, and the radioactive io6Ado sample moved with unlabeled io6Ado. These results also indicate that the bio- tain enzymes to interconvert cytokinin bases, nucleosides, and nucelotides (3), thus the amounts of cytokinins in the tissues reported here are not absolute. Cytokinin biosynthesis in explants is not necessarily the same as in whole plants; however, it is likely a valid measure of biosynthetic potential.
Since the main objective of this investigation is to show that stems and leaves also synthesize cytokinins, no effort was made to identify a group of cytokinin derivatives, the cytokinin glucosides, which have been reported to accumulate in various plant tissues (7, (11) (12) (13) 15) . The quality and quantity of cytokinins extracted from plant tissues depend upon the solvent system used in recovering these cytokinins. Although reasons are unknown, extraction method A is shown to recover more cytokinins than method B (Table I) , for both of these extraction methods contain a mixture of different solvents which have medium to high dielectric constants. All extraction procedures are performed at low temperature to minimize enzymic or chemical degradation; hence, isolated cytokinin bases and ribosides are not likely to be the degradation products of corresponding nucleotides during extraction. Although the biosynthesized cytokinins were not characterized by MS, analyses of the biosynthesized radioactive cytokinins by various analytical techniques clearly demonstrated that cytokinins are synthesized in pea stems and leaves in addition to the reported root site.
